6 months from January to June 2016. Approval was obtained from the institutional ethics committee before commencing the study.
Patients aged 18 years and above, undergoing elective or emergency surgeries, were included in the study. Thoracic surgery patients were excluded because they constitute a high-risk group for PRF and including these patients could skew the results. All patients were followed up until discharge from the hospital or death in the hospital.
For the purpose of this study, respiratory failure was defined as failure to wean from mechanical ventilation within 48 h after surgery or need to re-intubate during hospital stay. The risk calculator score developed by Gupta et al. [14] was used to predict the risk of PRF. The PRF calculator is freely available online at http://www.surgicalriskcalculator.com/ prf-risk-calculator for download.
The following five variables that comprise this score were recorded: 1. Type of surgery 2. American Society of Anesthesiologists (ASA) score 3. Emergency or elective surgery 4. Preoperative functional status 5. Presence or absence of sepsis prior to surgery.
Each of the above variables has a specific score, which when entered into the calculator gives rise to a predicted percentage risk of PRF.
Basic demographic data including age, sex, and body mass index were collected for all patients. Duration of surgery, length of hospital stay in the postoperative period, duration of mechanical ventilation, and details related to re-intubation were also analyzed. PRF risk expressed as a percentage score was recorded for all patients using the above-mentioned method.
Statistical analysis
All continuous variables were expressed as mean ± standard deviation (SD) if they followed a Gaussian distribution. All other nonnormally distributed variables were expressed as median (interquartile range). The normality was assessed by Shapiro-Wilk and one-sample K-S tests. Categorical variables were expressed as percentages. Comparison of nonnormally distributed continuous variables was done by Mann-Whitney U-test. Comparison of categorical variables was done either by Chi-square test or Fisher's exact test based on the number of observations present.
Pearson's correlation coefficient was computed to detect the association between binary continuous variables. Using receiver operating characteristic (ROC) curve and cutoff values, the sensitivity and specificity of PRF risk score were estimated. Data validation and analysis were carried out using SPSS software version 16.0 (SPSS Inc., Chicago, Illinois, USA). P <0.05 was considered statistically significant.
results
One hundred patients (males = 74; females = 26) were analyzed during the study period. The mean (SD) age of the patients in this study was 55.13 (13.2) years. Basic demographic characteristics are summarized in Table 1 .
During the course of the study, 11 (11%) patients developed respiratory failure and 4 (4%) patients expired. Nearly 19% of the patients were smokers with median pack-years of 10; 28% of patients had emergency surgery, while 72% underwent elective surgery. The mean risk calculator score and number of patients developing respiratory failure in smokers/nonsmokers and elective/emergency surgery groups are shown in Table 2 .
There was no significant difference between the pack-years and risk calculator score.
PRF risk calculator scores and individual variables are shown in Table 3 . The highest risk score was found in brain surgery patients (22.1), whereas the lowest score was found in the breast surgery group (0.17). Similarly, the risk of PRF was higher in ASA Class IV patients (17.67), those undergoing emergency surgery (10.22) , patients with increased functional dependence (26.78), and those with the presence of septic shock prior to surgery (19.91). Figure 1 depicts a ROC curve with a risk score of 6.30 having a sensitivity of 92% and a specificity of 82% in predicting respiratory failure. Area under the ROC was 92%. A higher risk calculator score had a positive correlation with the period from surgery to discharge ("r" = 0.330 and P = 0.001), indicating a prolonged hospital stay in patients with high score [ Figure 2 ]. The mean hospital stay in patients without respiratory failure was 8.4 days compared to 13.7 days in those who developed respiratory failure (P = 0.009) [ Figure 3 ].
dIscussIon
Postoperative complications, particularly respiratory failure, are associated with increased morbidity and mortality and also increased economic burden due to lengthy hospital stay. Khuri et al. [20] have shown that a postoperative complication within a month, independent of preoperative risk factors, reduces the median patient survival by 69%. Dimick et al. [21] have observed that postoperative respiratory complications contribute to increased hospital stay by 5.5 days, which is at par with our findings (5.3 days). However, factors that could predict PRF have not been studied in many prospective studies.
Managing respiratory complications requires many resources both in terms of human and materials, thereby adding on to the cost burden. In a study by Vonlanthen et al., [22] patients with an uneventful course had a mean cost per case of $27,946, but costs increased dramatically with the severity of postoperative complications and reached a mean cost of US$159,345 for Grade IV complications. This increase in costs, up to five times the cost of a similar operation without complications, was observed for all types of investigated procedures. The reported annual economic burden, in the United States, due to postoperative pulmonary complication is approximately $3.42 billion (USD). [23] Prediction of the chances of development of adverse effects may help alleviate the cost burden by taking appropriate precautionary steps.
Most of the publications looking at factors on PRFs were retrospective studies, [10, 14] with ours being a prospective study. We have made an attempt to assess the utility of a validated risk calculator score in predicting PRF. Five factors have been found to be important in predicting PRF, namely (i) type of surgery, (ii) ASA score, (iii) emergency/elective procedure, (iv) functional status of patient, and (v) presence or absence of sepsis prior to surgery.
As depicted in our study, the type of surgery has a major impact on the risk score, with the highest values seen in brain, foregut, hepaticopancreatobiliary, and aortic surgeries in descending order. These findings correlate with those of previous studies. [10] Similarly, functional dependence and presence of sepsis prior to surgery are also linked with increased risk scores. Sepsis is one of the major causes for acute respiratory distress syndrome leading to respiratory failure and increased mortality. [24] Hence, correctable factors such as sepsis if appropriately treated prior to surgery can help reduce the incidence of PRF and improve outcomes.
We have shown in this study that using a risk calculator score, one could provide an objective estimate of the risk of PRF in patients preoperatively. A score of ≥6.30 had 92% sensitivity and 82% specificity for predicting PRF risk. Higher risk scores are also associated with increased hospital stay, thereby higher costs. Apart from identifying the high-risk population, the risk calculator can also be used as an important tool in obtaining informed consent prior to the procedure. It may also help the operating surgeon to decide on whether the patient will require an intensive care unit care post surgery, or can be managed in the ward. Nevertheless, it may also help the surgeon to make a decision on postponing the elective surgery.
Limitations
The risk calculator was based on the data available from the National Surgical Quality Improvement Program and although externally validated, may not apply to a different population cohort. Furthermore, the population studied was European, whereas our study was conducted on Asian race. Many other preoperative variables such as pulmonary function tests and other comorbidities such as obstructive sleep apnea and venous thromboembolism were not included. The follow-up period was until discharge from the hospital rather than 1-month post surgery.
However, due to the prospective design of the study and the heterogeneous nature of the patient cohort, the final results could be reliably used in routine clinical practice. The risk calculator score is quite user friendly and could be routinely incorporated into preoperative risk assessment/consultation by pulmonologists and other medical specialists. conclusIon PRF risk calculator is a valuable tool in predicting the risk of PRF in patients undergoing either elective or emergency surgery. This could play an important role in optimizing the preoperative condition of patients and for effective riskstratification.
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